BACKGROUND: Cardiovascular clinical trials have traditionally incorporated separate time-to-first-event analyses for their primary efficacy and safety comparisons, but this framework has a number of limitations, including limited patient-centeredness and a traditional requirement for central adjudication. Days alive and out of the hospital (DAOH) has the potential to provide additional insight.
C
linical trials of antithrombotic agents typically have a primary efficacy outcome of time to the composite of cardiovascular death, myocardial infarction (MI), or stroke, and a primary safety outcome of major bleeding by one of several criteria. These end points are ill-suited to guide patient and physician decision-making. Increasingly potent combinations of antithrombotic therapy increase bleeding events in concert with reductions in ischemic events, [1] [2] [3] and interpretation of these opposing effects has resulted in ambiguity and disparity in guideline recommendations. 4, 5 More broadly, the clinical significance of composite end points is uncertain, and neither ischemic events nor major bleeding represent truly patient-centered outcomes because by lumping together all patients with a given diagnosis, they do not account for severity and fail to capture the varying health consequences faced by individual patients with these diagnoses. 6 Furthermore, the central adjudication process usually required to identify ischemic and bleeding events increases the cost and complexity of clinical trial conduct.
Several useful alternate approaches for analyzing clinical trial results have been proposed, but all require central event adjudication and make a priori assumptions about the relative severity of event types that may not be shared by all patients, physicians, and regulatory authorities. 7, 8 From the patient perspective, a common thread linking ischemic and bleeding events are death and days spent in the hospital. In instances where a hospitalization has downstream consequences, these consequences ultimately result in further hospitalization or death. Thus, days alive and out of the hospital (DAOH) represents an important patient-centered outcome that approximates time spent in good health. It accounts for multiple events over the course of a study period, weights death more heavily than hospitalization, and weights deaths occurring early after trial enrollment more heavily than those occurring later. Because it does not require event adjudication, it is also an attractive end point for pragmatic clinical trials.
DAOH has been evaluated in a secondary analysis of a heart failure trial, 9 but it has not been evaluated in the context of a trial enrolling patients with acute coronary syndromes (ACS), in which clinical end point events are less common and adverse events leading to hospitalization are more common compared with heart failure trials. In this analysis, we use data from TRILOGY ACS (Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes), a recently completed randomized clinical trial, to demonstrate the use of DAOH as an ACS clinical trial end point.
METHODS
The TRILOGY ACS trial design and primary results have been previously published. 10, 11 Briefly, TRILOGY ACS was a randomized, double-blind, double-dummy trial that compared the safety and efficacy of up to 30 months of treatment with aspirin+prasugrel versus aspirin+clopidogrel in patients with non-ST segment elevation-ACS (NSTE-ACS) who did not undergo in-hospital revascularization. The trial found no difference between prasugrel and clopidogrel in the incidence of its primary efficacy outcome (time to first occurrence of the composite of cardiovascular death, MI, or stroke) or safety outcome (major bleeding not related to coronary artery bypass grafting by TIMI [Thrombolysis in Myocardial Infarction] criteria). Patients could undergo coronary angiography before enrollment in the trial but were only eligible for enrollment if they were selected for a final strategy of medical management without revascularization within 10 days of their qualifying ACS event. Enrolled patients received a loading dose of either 300 mg clopidogrel or 30 mg prasugrel, followed by daily blinded maintenance doses of either 75 mg clopidogrel or 10 mg prasugrel (5 mg for patients ≥75 years old or <60 kg body weight), which was continued for at least 6 months and up to 30 months. Institutional review boards at each participating center approved the TRILOGY ACS study, and all participants gave informed consent. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Patient Population
TRILOGY ACS enrolled 9326 patients in 52 countries. For our study, we excluded patients that died in hospital (n=25;
WHAT IS KNOWN
• The traditional time-to-composite-end point framework for analyzing clinical trials of antithrombotic agents has a number of limitations, including inability to account for bleeding and ischemic events in the same analysis, limited patient-centeredness, and a requirement for central adjudication.
• Analyzing the effect of a treatment on days alive and out of the hospital, in addition to or instead of time to ischemic events, has the potential to overcome some of these limitations.
WHAT THE STUDY ADDS
• Days alive and out of the hospital can be feasibly calculated from site-submitted safety data and used to compare treatments in a randomized controlled trial of antithrombotic agents for patients with acute coronary syndromes.
• In TRILOGY ACS (Targeted Platelet Inhibition to
Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes), a randomized controlled trial of prasugrel versus clopidogrel in patients with medically managed acute coronary syndrome, the days alive and out of hospital framework replicated the results of the traditional time-to-composite event framework, showing no difference between treatment arms.
• Days alive and out of the hospital may represent a more patient-centered framework for analyzing clinical trial results that is useful in pragmatic clinical trials.
9 patients randomized to prasugrel and 16 randomized to clopidogrel), had no outpatient follow-up (randomization date=date of last follow-up or index hospitalization discharge date was later than the date of last follow-up, n=104), or were missing the date of their index ACS event (n=2), yielding 9249 patients in the overall population. We separately analyzed younger adults (patients <75 years old, analogous to the primary analysis population included in the main TRILOGY ACS manuscript, n=7192), older adults (≥75 years old, n=2057), and the frail/prefrail population (n=1361; Figure 1 ). Frailty was collected only for patients ≥65 years old and was defined by patient report of at least 3 phenotypic characteristics consistent with reduced vitality at baseline: unintentional weight loss, decreased grip strength, increased fatigue/lethargy or declining endurance, slow gait speed, and decline in typical physical activity level. 12, 13 Patients meeting 1 or 2 criteria were classified as prefrail. Because of the low number of patients enrolled in the study meeting criteria for frailty and prefrailty, frail and prefrail patients were grouped together into a single frail/prefrail population.
DAOH Definition
DAOH was calculated separately for each patient enrolled in the trial using adverse event data submitted by sites, which captures hospitalizations and deaths, rather than centrally adjudicated clinical end point event data. First, total potential follow-up time was determined for each patient; total potential follow-up time was determined as number of days from the index event discharge date until the date of the final patient examination, if the patient completed the study, withdrew, or was lost to follow-up, or the end of study, if the patient died. Follow-up started at the time of discharge because TRILOGY ACS enrolled patients stabilized following NSTE-ACS, with median time from admission to randomization of 4 days. As a sensitivity analysis, we repeated our analyses with followup starting at the time of randomization. Patients were followed for a maximum of 30 months in TRILOGY ACS, but median follow-up was 17 months, and Poisson regression can give a biased estimate of difference between treatment groups if too many patients are censored before completion of follow-up.
14 Because most patients completed 12 months follow-up, follow-up was truncated for all patients at a maximum of 12 months to limit issues with bias resulting from differential censoring. Twelve-month follow-up is also consistent with consensus guideline recommendations on duration of treatment with aspirin plus a P2Y 12 inhibitor in patients with ACS. 4, 5, 15, 16 The total number of days spent in hospital was derived by checking hospitalization status on a daily basis beginning with the day after the index event discharge day. Hospitalization was defined as inpatient admission with length of stay ≥24 hours. If a patient died, the number of days from their death to the end of study follow-up (up to 365 days) were counted. DAOH was calculated by subtracting days in hospital and days from death until end of study follow-up from total potential follow-up time.
Statistical Analysis
For the overall population, <75-year-old population, older adult population, and frail population, histograms, and empirical density curves were created to show the distribution of DAOH for all enrolled patients over 12 months followup and separately for patients randomized to clopidogrel and prasugrel. In the overall population, we also calculated the median (25th, 75th percentile) number of DAOH for patients with and without ischemic and bleeding events. We also created figures for each population showing the proportion of patients alive and out of the hospital, hospitalized, and dead on a daily basis over the course of follow-up. In the overall population, we compared DAOH over 12 months follow-up for patients randomized to clopidogrel to patients randomized to prasugrel using Poisson regression with a robust variance estimate and an offset term to account for differential lengths of follow-up. This procedure yields a rate ratio and 95% CI, which can be thought of as DAOH in the prasugrel arm divided by DAOH in the clopidogrel arm. As clinical practice patterns differ globally, a second model was constructed to test the interaction of randomized treatment and geographic region on DAOH. Though the interaction was nonsignificant, we nevertheless report region-specific effect estimates and CIs because the study may be underpowered to detect an interaction. To identify differences in treatment effect by patient subgroup, we repeated the primary analysis in the younger adult population, the older adult population, and the frail/prefrail population.
RESULTS
Characteristics of patients enrolled in TRILOGY ACS have been previously reported. 10 In all populations evaluated, baseline patient characteristics were similar in the prasugrel and clopidogrel treatment arms.
Deaths and Hospitalizations by Subgroup
Of 9249 patients in the overall population, 500 (5.4%) died, and 2504 (27.1%) were hospitalized 4150 times over 12 months' follow-up; 153 patients died without being hospitalized, 347 were hospitalized and then died. Six thousand five hundred and ninety-two patients (71.2%) had neither a death nor hospitalization. Among 2504 patients that were hospitalized, 1563 (62.4%) had 1 hospitalization, 573 (22.9%) had 2, and 368 (14.7%) had ≥3. The mean (SD) number of hospitalizations per patient was 0.4 (1.0). By comparison, there were 724 MI events, 90 stroke events, and 123 TIMI major or minor bleeding events through 12 months' follow-up; these events accounted for 22.6% of all hospitalizations.
In the younger adult (<75-year-old) population (n=7192), 276 (3.8%) patients died and 1731 (24.1%) were hospitalized; the mean (SD) number of hospitalizations per patient was 0.4 (0.9). Among older adult patients (n=2507), 224 (8.9%) died, and 773 (30.8%) were hospitalized, with a mean (SD) number of hospitalizations of 0.6 (1.1). Of 1361 frail/prefrail patients, 129 (9.5%) died, and 498 (36.6%) were hospitalized at least once, with a mean (SD) number of hospitalizations of 0.6 (1.2).
DAOH by Subgroup
In the overall population, mean±SD DAOH over 1-year follow-up was 317±86 days with a left-skewed distribution; median DAOH was 363 (25th, 75th percentiles: 328, 365; Table 1, Figure 2A ). Among patients that had a TRILOGY ACS primary end point event (cardiovascular death, MI, or stroke) within the first 12 months of follow-up, median DAOH was 260 (25th, 75th percentiles: 118, 348) compared with 365 (333, 365) in patients without an end point event. Patients with any component of the primary composite ischemic end point or a bleeding end point had fewer DAOH than patients without (Table I in the Data Supplement).
In the younger adult (<75-year-old) population, mean DAOH was 323±79 days (median 365; 25th, 75th percentiles 306, 365); mean DAOH were 293±105 and 304±99 days in the older adult (≥75-year-old) and frail/ prefrail populations, respectively (Table 1, Figure 2B -2D). The relative contributions of death and hospitalization to lost DAOH were different in each subgroup: For example, in the overall population the mean±SD number of days from death until end of study follow-up was 12±54, and the mean±SD number of days hospitalized was 4±10; in the older adult population, the mean±SD number of days from death until end of study follow-up was 25±78, and the mean±SD number of days hospitalized was 6±14.
There were marked differences in mean DAOH by region (ranging from 298 in the Mediterranean basin to 340 in the Indian subcontinent), potentially attributable to differences in baseline patient characteristics as well as regional differences in patient management and patterns of hospitalization post-ACS (Table II in the Data  Supplement) .
When evaluating the proportion of patients in a given state each day during follow-up, we found that patients died at a steady rate through follow-up but that most hospitalizations were clustered in the early part of followup. The net effect was that the proportion of patients alive and out of the hospital was highest immediately after the index admission and declined steadily over the course of follow-up ( Figure 3A ). This pattern was evident in the younger adult population, older adult population, and frail population, though older and frail patients were more likely to die and more likely to be hospitalized than patients in the overall population ( Figure 3B-3D ).
DAOH by Treatment Arm
In the overall population, patients randomized to clopidogrel had a mean 317±86 DAOH over 12 months follow-up compared with 316±87 for patients randomized to prasugrel. There was no difference in the proportion of potential follow-up time spent alive and out of the hospital in patients randomized to clopidogrel compared with patients randomized to prasugrel (rate ratio, 1.00; 95% CI, 0.99-1.01). There was no difference in DAOH between treatment arms in any subgroup, including the younger adult population, the older adult population, and the frail/prefrail population ( Table 2 ). There was no association between treatment arm and DAOH in any geographic area (interaction P=0.39; Table III in the Data Supplement). When we counted DAOH from the time of randomization through 12 months (rather than from the time of discharge), there remained no difference in DAOH between treatment arms overall or in any subgroup (Table IV in the Data Supplement) .
DISCUSSION
In this analysis of TRILOGY ACS, undertaken to explore DAOH as an end point in a clinical trial comparing antithrombotic regimens in patients with ACS, we found that DAOH could be feasibly calculated using only sitesubmitted adverse event reporting data without relying on central adjudication. Older and frail patients had fewer DAOH than younger patients; patients with ischemic and bleeding events had fewer DAOH than those without. Nearly 30% of patients either died or were hospitalized over 12 months' follow-up. There was no difference in DAOH between the prasugrel and clopidogrel arms in the overall population, younger adults, older adults, or frail patients, and across geographic regions. In its primary analysis, TRILOGY ACS found that treatment with prasugrel, as compared to clopidogrel, had no significant effect on either the primary efficacy end point of time to first incidence of cardiovascular death, MI, or stroke (hazard ratio, 0.91; 95% CI, 0.79-1.05) or the primary safety end point of TIMI major bleeding (hazard ratio, 1.31; 95% CI, 0.81-2.11). 10 Our DAOH analysis thus complements the primary trial results, reframing them in a more patient-centered way. Cardiovascular clinical trials undertaken to evaluate new agents or new indications for existing medications uniformly have a primary end point of time to first incidence of a composite of ischemic eventsmost frequently, cardiovascular death, MI, and stroke. 10, [17] [18] [19] [20] With increasing recognition of the prognostic importance of bleeding events, 21 several recent trials have incorporated major bleeding as a primary safety end point or combined bleeding and ischemic events into a net clinical benefit or net adverse events end point. 22, 23 This approach has several limitations that make it less patient-centered and less translatable to pragmatic clinical trials.
First, separate analysis of ischemic and bleeding events requires guideline-writing committees, practicing physicians, and regulatory agencies to make their own judgments on how to weight each type of event, and observational studies have shown that physician behavior is driven largely by safety considerations, rather than efficacy, potentially contributing to the risk-treatment paradox. 24, 25 Second, time-to-event analyses fail to account for the possibility of multiple events and thus do not use all of the available data generated during follow-up. In trials with composite end points, the time-to-event framework also means that patients suffering less severe events early during follow-up are judged to have worse outcomes than patients suffering more severe events later; for example, a patient with a minor, nonfatal MI 30 days into follow-up has a worse outcome under the time-toevent framework than a patient with a fatal MI at 31 days. Third, the clinical significance of composite ischemic events is uncertain, and neither ischemic events nor major bleeding themselves represents truly patientcentered outcomes: From the perspective of a patient, the importance of any diagnosis is not captured by the diagnosis alone but by the morbidity or mortality it causes. 6 Lastly, the traditional time-to-composite-event framework requires a larger sample size compared with a continuous outcome and traditionally requires end point adjudication to determine whether nonfatal events occurred and cause of death for patients that died. End point adjudication and larger sample sizes increase trials' cost and complexity, and as pragmatic, patient-centered trials become more common, these limitations may become more important. 26 A number of alternative frameworks have been proposed to circumvent some of the limitations of the traditional time-to-composite-ischemic-event framework; however, all of these frameworks have their own limitations. The net adverse events framework combines ischemic and bleeding events into a single composite end point. 7 Though this approach avoids difficulties associated with integrating the results of separate efficacy and safety analyses, it does not take into account multiple events, requires end point adjudication, is not more patient-centered than the traditional timeto-event framework, and makes the a priori assumption that all ischemic and bleeding events are of equal importance, when this is clearly not the case. 27 The recently completed PIONEER AF-PCI trial (Open-Label, Randomized, Controlled, Multicenter Study Exploring Two Treatment Strategies of Rivaroxaban and a DoseAdjusted Oral Vitamin K Antagonist Treatment Strategy in Subjects With Atrial Fibrillation Who Undergo Percutaneous Coronary Intervention) included a secondary analysis with an end point of time to the composite of all-cause death or hospitalization. 28 This strategy, which combines ischemic and bleeding events into a single, more patient-centered outcome, nevertheless does not take into account multiple events and assumes that readmission and death are events of equal severity.
The Andersen-Gill method is one of several extensions to the traditional time-to-event framework that is able to account for the possibility that patients can have multiple events during follow-up. 29, 30 However, these time-to-recurrent-event approaches assume that all components of the composite end point are equally important, reducing their patient-centeredness. In fact, because patients can have multiple nonfatal events but only one fatal event, these approaches actually weight nonfatal events more heavily than fatal events.
The weighted composite end point approach attempts to circumvent this limitation by prospectively assigning weights to various components of the composite end point that reflect the relative severity of each event. 8, 31 All patients start with a value of 1.0, and patients with nonfatal events are considered to have their contribution to the cohort reduced by some fraction depending on event severity. With multiple recurrent events, each patient's contribution is further reduced, and with fatal events, the patient's contribution goes to 0. A modified Kaplan-Meier curve can be plotted based on a life table generated from this approach. Though weights are assigned prospectively in this approach, and patient input on end point severity is often sought, assignment of weights to clinical events by a physician committee may not truly reflect the patient experience, and consensus-derived weights will not reflect the values and preferences of every patient to whom a clinician hopes to apply clinical trial results.
The win ratio approach simplifies the abstract weighting of events by ranking them-for example, death is worse than stroke, which is worse than MI. 32 Patients are then paired by baseline illness severity and treatment assignment (so that a pair contains 1 patient randomized to each treatment), and each pair is evaluated as to which member died first; the patient that died later (or not at all) wins that pair. If neither patient died, the process is repeated for each event type in order of declining severity. Ultimately, this approach yields a win ratio which can be thought of as the ratio of pairs in which the experimental treatment was the winner to pairs in which it was the loser. The win ratio approach is limited by its inability to account for event severity in a nuanced way, the difficulty in incorporating bleeding events into this framework, its need for end point adjudication, and the difficulty in understanding the clinical significance of its output.
DAOH provides a simple alternative to the traditional time-to-composite-event framework, as well as the alternative frameworks. It accounts for multiple events and event severity, albeit in an indirect manner, with death generally contributing to a greater loss of DAOH than hospitalization. It estimates event severity with days hospitalized rather than assuming all events are of the same severity. It thus obviates questions related to the significance of composite events: Time spent in the hospital is an adverse event that patients wish to avoid; longer hospitalizations with greater morbidity are definitively worse than short hospitalizations; and long-term sequelae of clinical events ultimately manifest as recurrent hospitalization or death. The simplicity of DAOH also provides flexibility to account for bleeding and other severe treatment-related side effects that lead to hospitalization without the need for potentially controversial a priori assignment of weights. Lastly, DAOH incorporates cardiovascular events into a continuous measure, which could reduce sample size in clinical trials, and can be derived entirely from administrative data, making it a potentially attractive outcome for low-cost, pragmatic clinical trials.
DAOH does have, however, a number of limitations. Though it is a reasonable measure for days of good health, it does not take into account nursing home or rehabilitation facility stays nor does it take into account how well the patient may feel while at home or the psychosocial and cultural mores that modulate patients' experience of illness, which limits its ability to truly represent days of good health. This may be particularly relevant for older adults, in whom hospitalization frequently leads to short-or long-term functional decline, the severity of which is associated with but not determined by the severity of illness precipitating hospitalization. [33] [34] [35] For example, a patient with a massive stroke leading to a 10-day hospitalization but no further sequela will have a better outcome under the DAOH framework than a patient with several bleeding hospitalizations that cumulatively result in >10 days hospitalized, although the first patient's outcome is truly worse. In other cases, hospitalizations of the same length, such as for an MI and a bleeding event, could carry different long-term prognoses. 36 Modifying clinical trial protocols to collect days spent at nonhospital inpatient facilities would only trivially increase trial cost and complexity, and a smartphone-based application could eventually enable patients to report daily symptom burden. Moreover, unlike the traditional-time-to-composite-ischemicevent framework, DAOH counts both cardiovascular and noncardiovascular events. Though this is a strength in the case of bleeding and other treatment-related side effects, it is generally not expected that cardiovascular medications will reduce noncardiovascular hospitalizations and deaths, and incorporation of these events into the DAOH framework may add statistical noise that obscures true treatment differences. In TRILOGY ACS, there were 3-fold as many hospitalizations as there were MIs, strokes, and major or minor bleeding events; however, this type of rough measure is likely to significantly undercount the number of hospitalizations owing to ischemic and bleeding events (and their sequela) because it does not account for heart failure hospitalizations, unstable angina, unplanned revascularizations, or bleeding-related hospitalizations that do not meet criteria for TIMI major or minor bleeding. Future studies should retrospectively examine treatment effects on DAOH in the context of clearly positive clinical trials to determine if DAOH's incorporation of noncardiovascular events obscures treatment differences identified using a traditional time-to-composite-event framework. In addition, DAOH is limited by an inability to account for censoring at the end of the follow-up period; a patient who has an MI with a 3-day hospital stay during month 1 of follow-up and then remains healthy for the duration of follow-up will have fewer DAOH (a worse outcome) than a patient who remains healthy until dying at day 364. Importantly, however, the patient with early MI would have a worse outcome than the patient with late death under a traditional time-to-composite-event framework as well. Because the DAOH framework we used requires that most patients have complete follow-up through the end of the study period, it may be less useful in clinical trials evaluating agents used chronically. In such trials, the differential effect of the 2 treatment regimens may not be apparent until well after the median follow-up duration, and DAOH will not capture the treatment difference. Indeed, in TRIL-OGY ACS, there was a suggestion of a time-dependent benefit of prasugrel that emerged only after 12 months follow-up, which we were unable to explore in this analysis. In addition, the distribution of DAOH is highly skewed and influenced by the vast majority of patients who have no events during follow-up. This limitation could potentially be avoided by including DAOH as part of a stepwise analytic framework, in which investigators sequentially analyze the effect of a treatment on overall survival, then time to first hospitalization, and finally DAOH among patients that were hospitalized or died. Lastly, though DAOH seems to be an easily understandable and patient-centered outcome, future studies should examine patients' ability to understand different presentations of clinical trial results, including both traditional time-to-composite-event presentations and alternate presentations, like DAOH. No literature yet exists to determine the clinical relevance of a given difference in DAOH between treatments; however, existing cost-effectiveness literature could be adapted for this purpose, taking into account both the financial costs of hospitalization, including resource intensity of hospital days, and quality of life.
CONCLUSIONS
In TRILOGY ACS, DAOH could be feasibly calculated using only site-submitted adverse event data. Treatment with prasugrel, as compared with clopidogrel, had no effect on DAOH over 12-month follow-up, paralleling the main trial results. These findings support the utility of DAOH as a more patient-centered clinical trial outcome, which incorporates multiple events over the course of follow-up, balances putative reductions in ischemic events with increases in bleeding events, and can be determined without a formal adjudication process. Given these advantages, it may be reasonable for investigators to consider DAOH for inclusion in future clinical trials as a primary or key secondary outcome.
